£^ /</<t7,m 



[19] State Intellectual Property Office of PR China 



[12] Public Statement on Application for Invention Patent 
[11] CN 86 1.06022 A 

[43] Date of public statement: March 23, 1988 



[21] Application #: 86 1 06022 


[74] Patent agency: Zunyi Patent Office 


[22] Application date: September 3, 1986 


Agent: Wang Miaode 


[71] Applicant: Zunyi Shizi Cement Plant 




Address: Shizi Pu, Gaoqiao, Zunyi City, Guizhou 




Joint applicant: Li Shaoying 




[72] Inventor: Li Shaoying 





[54] Description of invention: early- and final-phase high-strength Portland cement and its 

formulation 

[57] Abstract 



This invention offers a kind of early- and final-phase high-strength Portland cement and its 
formulation. It uses the raw materials and processes for producing common Portland cement; 
however, it emphatically modifies the relation between "three rates" of KHO.905-0.930, 

n 1.80- 1.94 and PI. 40- 1.60, and adopts fluorite as mineralizing agent, and CaS0 4 - 2H 2 0 as retarder. 

The compression strength of this cement is 496-503kg/cm 2 in three days, and 779-785kg/cm 2 in 
28 days. Its early-phase strength improvement rate is 63-68% in 3/28 days. It can be used in 
construction of common buildings, airport runways, bridges, channels, and emergency repair 
works. Since the range of firing temperature of this invention is wide, the eneigy consumption and 
production cost can be considerably reduced. 
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Right Request 

© The early- and final-phase high-strength Portland cement is composed of C 3 S, C 2 S, C 3 A and 

C 4 AF. It is featured with KH of 0.905-0.930, n of 1.80-1.94, and P of 1.40 -1.60. The mineral 
contents of the clinker are as follows (by weight) : C 3 S 56.00-58.50%, C 2 S 14.00-17.00%, C 3 A 
8.00-10.50%, and C 4 AF 1 1.00-13.50%. 

® The Portland cement described in © has the following chemical proportions (percentage): 

Si0 2 20.20-21.50%, A1 2 0 3 6.20-6.80%, Fe 2 0 3 4.1-4.45%, CaO 64.00-65.50%, MgO 2.50-3.10%, 
S0 3 1.20-1.50%, and CaF 2 0.30-0.60%. 

© The Portland cement described in © is featured with addition of CaS0 4 *2H 2 0 4.50-6.00% 
(weight percentage) in the clinker. 

© The formulation of the early- and final-phase high-strength Portland cement is characterized 
with addition of 0.45-0.90% (weight percentage) CaF 2 as mineralizing agent to the raw materials. 

© The formulation of the early- and final-phase high-strength Portland cement described by ® 
is a liquid phase rate of 22.0-23.5% by C 3 A + C 4 AF. 
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Statement 



Early- and final-phase high-strength Portland cement and its formulation 
This invention belongs to the building material & technology industry. 

Portland cement is the most widely and largely used cement worldwide. Particularly in the field of 
civil construction, Portland cement is widely used as the major building material. 

The raw materials of Portland cement are easy to obtain, and its production technology is mature. 
However, its early- and final-phase strength, compared with that of special high-strength cement 
products, is not good enough. 

According to the Selections of New Cement Standards (issued by the Cement Research Office 
under the State Building Material Research Institute in January 1985, "compared with cement 
products of other countries, Chinese cement products are weak in early-phase strength. It is 
difficult, or impossible, for most plants to improve the early-phase strength indices." To meet the 
international standards, it is important to improve our early-phase strength indices. 

The first volume of Physical Performance of and Inspection on Cement (published by the Cement 
Research Office under the State Building Material Research Institute in June 1982) puts forward 
in Section One "Silicate Cement" of Chapter Two that the compression strength of Wu Yang 
Portland cement exported to overseas markets can reach 50-70% of that of 28 days in three days, 
and 73-78% of that of 28 days in seven days. Compared with cement blended with compound 
materials, Wu Yang Portland cement maintains higher early-phase strength; however, compared 
with special cement with high early and final-phase high strength, such as cement with high 
aluminum content and sulphate or aluminate cement, it maintains lower strength. 

The Cementing Medium described in SU-639828 issued on December 30, 1978 is Portland 
cement plus gesso and additive made of silicate material by chemical treatment at a high 
temperature. Its compression strength reaches 270kg/cm 2 in three days and 566kg/cm 2 in 28 days. 
This Portland cement with additive needs thermochemical treatment and has complicated 
production technology, and its early- and final-phase strength is similar to that of our #525 
Portland cement. 

The Cement Compound described in JP-80011632 issued on March 26, 1980 is Portland cement 
plus calcium aluminate, calcium sulphate and sodium carbonate. Its compression strength is 
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205kg/cm 2 in one day and 512kg/cm 2 in 28 days. The quick strength of this cement in two or five 
hours is high, but its early-phase and final-phase strength is low, similar to the standard of our 
#425 quick hardening Portland cement. 

The High-strength Cement described in JP-8004698 issued on November 27, 1980 is Portland 
cement plus calcium aluminate and calcium sulphate. Its compression strength is 396kg/cm 2 in 
one day and 574kg/cm 2 in the final phase. The cement hardens quickly, exceeding the standard of 
our #425 Portland cement, but its final-phase strength is not high. 

The Production of High-strength Mortar and Concrete described in JP-560 17959 issued on 
February 20, 1981 describes Portland cement plus specially hard gesso, Si0 2 , and alumina, which 

are blended to produce mortar, and the mortar is heated at 50-100°C. Its early-phase strength is 

439kg/cm 2 in three days and 679kg/cm 2 in final phase. Its early-phase strength has been improved 
by 65%. The cement made this way maintains improved early- and final-phase strength, similar to 
the standard of our #628 Portland cement. However, its mortar has to be heated, making things 
inconvenient in construction. 

The Cementing Medium described in SU-854906 issued on August 15, 1981 is Portland cement 
clinker plus metals containing alkali or alkaline earth, lignin sulphate, alkali metallic carbonate or 
silicate, and monose, to improve the compression strength of concrete after vapor maintenance. Its 
compression strength reaches 675kg/cm 2 in one day and 708kg/cm 2 in 28 days. This cement has 
high one-day strength, but slow improvement of strength after one day, similar to the standard of 
our #625 Portland cement. Since the cement has many additives, its manufacturing process is 
complicated; plus, the additives are high-price chemical raw materials, so the production price of 
the cement is high. 

The Production of Early-phase High-strength Cement described in JP-82002667 issued on January 
18, 1982 describes the cement process: produce special cement clinker without C 3 S at first, and 
then add 70% Portland cement. The cement made this way maintains the compression strength of 
175kg/cm 2 in three days and 395kg/cm 2 in 28 days. Its early-phase strength improvement rate is 
44%, The early-phase strength of the cement made this way is improved to some extent, but its 
final-phase strength is just equal to that of common Portland cement. Further, its production 
process is extremely complicated. 

The common feature of the Portland cement products described in the above-mentioned overseas 
patent documents is that their construction performance is generally good. Some efforts have been 
made in improving the early- and final-phase strength of Portland cement in some foreign 
countries, but that's still not enough. For instance, some cement products maintain high 
final-phase strength but low early-phase strength. Further, for the purpose of quick hardening and 
high early-phase strength, quick hardening or early-phase strength additives are added to the 
Portland cement or clinker, resulting in complicated production process. Some additives are 
valuable chemical raw materials, considerably raising the production cost. 
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With high 2-hour, 5-hour and 1-day strength, these cement products are suitable only to projects 
with the requirement of quick hardening. However, their 3-day and 28-day strength is not high, so 

they can hardly be used widely. Some of these cement products need to be heated at 5(M00°C to 

improve quick hardening or early-phase strength, which makes things extremely inconvenient in 
construction. 

It was a blank field in improving the performance of Portland cement clinker with common raw 
materials and production process of Portland cement clinker, and achieving two important 
characteristics of Portland cement, namely, quick hardening and high early- and final-phase 
strength, without using any additive. 

The inventor has made this invention through researches and developments in this respect. 

One puipose of the invention is to develop a kind of Portland cement with high early- and 
final-phase strength, and another is to provide the formulation of this Portland cement. 

This invention achieves the two purposes in the following. The key point to obtain quick 
hardening and high early- and final-phase strength of Portland cement and raise the early-phase 
strength improvement rate is to properly arrange the relation between three rates, namely, KH, n 
and P. We keep two of the rates high and one low: KH 0.905-0.930, n 1 .80- i .94, and P 1 .40- 1 .60. 
Meanwhile, we choose C 3 S, C 2 S, C 3 A and C 4 AF as the major minerals, and arrange a proper 
proportion between them. The clinker is composed of the following (in weight percentage): C 3 S 
56.00-68.50%, Q.S 14.00-17,00%, C,A 8.00-10.50%. QAF 11.00-13.50%, and MgO plus others 
2.50-3.94%. 

This invention adopts high lime saturation rate and C 3 S proportion. Due to the quick hardening of 
C 3 S hydrate and the reasonable proportion between the four major minerals, both the early and 
final phase strength of Portland cement can be improved. 

The chemical components of clinker are controlled as follows (weight percentage): Si0 2 
20.20-21.50%, Ai 2 0 3 , 6.20-6.80%, Fe 2 0 3 4.1-4.45%, CaO 64.00-65.50%, MgO 2.50-3.10%, S0 3 

1.20-1.50%, and CaF 2 0.30-0.60%. What is added to clinker is CaS0 4 *2H 2 0 4.50-6.00%. 

Raise of lime saturation rate often brings about difficulty in firing, thus making it impossible to 
obtain high-strength clinker. To resolve this issue, this invention adopts mineralizing agent. The 
following Table 1 shows the results of addition of the agent of CaF 2 by 0.45-0.90%. 



Table 1: Compression strength, antiflex strength and early-phase strength improvement rate by 
three different mineralizing agents 
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By adding 0.45-0.90% CaF 2 as mineralizing agent to this invention, the firing temperature is 

reduced by 1 10-120°C or so. As a result, the liquid phase appears in advance, and C 2 S and CaO 

combine to produce a large amount of C 3 S. Meanwhile, sufficient amount of liquid phase is 
available, so that the sum of C 3 A + C 4 AF keeps between 22.0-23.5%. 

With proper amount of C 3 A and a small amount of C 4 AF, the amount of iron is controlled, thus 
avoiding production of large melting clumps and reducing tumors. 

Proper amount of C 3 A (8.0-10.5%) is a very important factor that makes Portland cement harden 
quickly. It also assures sufficient early-phase strength. However, over amount of C 3 A will cause 
viscosity of liquid phase, which makes it difficult for C 3 S to survive. 

In this invention, CaSCV2H 2 0 shall also be added to the clinker as reorder, so that the initial 

setting time will be 45 minutes or later. The content of S0 3 in Portland cement shall be no more 

than 3.5%, and the proper amount of CaS0 4 -2H 2 0 in Portland cement shall be 4.50-6.00%.The 

following Table 2 shows the physical performance of the cement of this invention obtained 
through test to our national standards. 



Table 2: Test data about physical performance of the cement of this invention 
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The following Table 3 shows the comparisons of the cement formulated in line with this invention 
and #725 early-phase strength Portland cement in respect of compression strength, antiflex 
strength and early-phase strength improvement rate. 



Table 3: comparisons of two kinds of cement in respect of compression strength, antiflex strength 
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and early-phase strength improvement rate 
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Comparing the cement of this invention and the new #725 early-phase cement, the 3 -day 
early-phase compression strength of the former is higher by 126kg/cm 2 than that of the latter, and 
the antiflex strength of the former is higher by 16kg/cm 2 than that of the latter. Plus, the 
early-phase strength improvement rate of the invention exceeds the average level in China (which 
is 49.8%) as well as the average level of the world (which is 52%). 



This invention was tested in Zunyi Shizi Cement Plant before the feeding facilities and raw 
material and clinker storage facilities were installed. The following Table 4 shows the results of 
the test done to our national standards. 



Table 4: Physical performance data of this invention obtained in the cement industry test (in the 
above-mentioned conditions) 
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The best way to achieve this invention: 



1 . KH0.9 1 0-0.920, n 1 .80- 1 .90 and P 1 .40- 1 .50 

2. Composition of clinker minerals (weight percentage): C 3 S 56.00-57.00%, C 2 S 14.00-15.00%, 
C 3 A 8.00-9.00%, and C 4 AF 12.00-13.00%, and MgO plus others 2.50-3.00% 

This invention improves the performance of Portland cement, and maintains two important 
features: quick hardening and high early- and final-phase strength. It is a new hydraulic 
gratification material. Its 3-day early-phase strength is higher than that of quickly hardening 
Portland cement, and its 28-day final-phase strength is higher than that of aluminate cement The 
Portland cement of this invention maintains outstanding physical performance and special value of 
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application. It can be used in construction of buildings and prefabricates, and together with 
high-standard concrete, it can be used in construction of airport runways, bridges, channels, and 
emergency repair works. 

To produce the cement of this invention, it is not necessary to add any quickly hardening or 
early-phase strength additive, and it is not necessary to heat the mortar either. Further, the 
production process is simple, and the previous Portland cement production facilities can be used to 
produce the cement of this invention. 

The cement of this invention is featured with high early-strength as well as outstanding stability 
and construction performance. Therefore, project construction can be accelerated, thus shortening 
the construction period and construction cost. 

High-grade mixed cement can be produced with the cement clinker of this invention plus some 
other materials, thus improving product grade or production output. This way, energy consumption 
can be considerably saved, and production cost saved. Both the production plants and users can 
enjoy remarkable social and economic effects from this invention. 

Ferromanganese slag containing Si0 2 38.11%, Ai 2 0 3 27.70%, Fe 2 0 3 0.36%, CaO 16.83%, MgO 
5.54%, and MnO 7.00% and with quality coefficient of 1 . 1 1 (lower than the national standard) can 
be added to the clinker of this invention. 

Cases: 

By combining 60% cement clinker of this invention with 40% ferromanganese slag containing the 
chemicals described above, we can produce slag cement #625. 

45% cement clinker of this invention is blended with 55% slag to produce #525 slag cement. A 
cement plant with existing annual production capability of 100,000t #525 Portland cement can use 
the cement clinker of this invention and add 55% slag to produce 223,000t #525 cement per year. 
For another example, by adding 55% slag to #525 Portland cement clinker, a cement plant with an 
existing annual production capability of 100,000t #325 slag cement can use the cement clinker of 
this invention to produce 100,000t #525 slag cement. This way, the cement grade can be improved 
and energy saved. 

When the cement clinker of this invention is mixed with other materials to produced mixed 
cement, the use of gesso shall be reduced accordingly. 
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